Lead in urine has been determined by an ashing technique to give total lead and by a standard coprecipitation technique to give precipitable lead. In 44 normal subjects values obtained by both methods were the same. In 72 subjects exposed to lead, of whom 57 had clinical lead poisoning, the precipitable lead was significantly less than the total lead. As much as 40 % of urinary lead can escape determination by the coprecipitation methods of estimation. Preliminary findings suggest that the non-precipitable lead may be present as a natural chelate. The significance of these observations is discussed. The danger is stressed that cases of threatened lead intoxication may be overlooked if only coprecipitation methods of estimating lead in urine are used.
In many cases of lead poisoning we have been surprised to find no correlation between the values of the blood lead and those of the urinary lead excretion. This has been reported by others (Kehoe, Thamann, and Cholak, 1933a and b), but the observations have not yet been interpreted. While some place reliance on blood lead levels in the diagnosis of lead poisoning, others place more value on the level of urinary excretion (Litzner and Weyrauch, 1932; Gorn and Fridland, 1955) .
We have also frequently found during our investigations in the lead industry that in certain plants there were considerable differences between the degree of the workers' exposure to lead whereas the figures for their urinary lead excretion were very similar. Furthermore we observed in cases of lead poisoning that, while the levels of blood lead lay within relatively narrow limits, the urinary lead values showed large differences.
In all these studies the method used to determine urinary lead was the spectrophotometric determination of the dithizone complex after preliminary coprecipitation of the lead from the urine.
Undoubtedly the best procedure for estimating lead is to ash the sample in order to bring all the lead into the mineral form most suited for the subsequent determination. But this process is laborious and time-consuming and a more rapid and simpler procedure of separation was sought. This was attained by the coprecipitation of lead with an excess of a mineral salt-oxalate, phosphate, or carbonate (Fairhall, 1924; Fairhall and Keenan, 1941; Rosenqvist, 1942; Kaye, 1943) . Cholak, Hubbard, and Burkey (1948) established the method in a practical form which has been widely used (Amdur, 1953) . This method is well suited for clinical observation of chronic lead poisoning and for the screening of workers in plants with a potential exposure to lead.
However, under some conditions the quantitative separation of the urinary lead may not be obtained by coprecipitation. For instance, in tetraethyl lead poisoning where the lead is partly excreted in an organic form, Woessner and Cholak (1953) have modified the method by introducing an oxidation process to break down the organic compounds. In the course of treatment of lead poisoning with versenates (E.D.T.A.) lead is eliminated as a chelate complex which does not precipitate (Hardy, Elkins, Ruotolo, Quinby, and Baker, 1954 (Dinischiotu, Radulescu, Preda, and Georgescu, 1959) . Of these 17 had lead colic.
The urinary lead of all the subjects was determined after wet ashing with nitric and perchloric acids by the method of Bessman and Layne (1955) to give "total lead" (T) and after coprecipitation to give the "precipitable lead" (P) using the method of Cholak et al. (1948) . All the subjects with increased lead absorption as well as the majority of the normals were admitted to our Occupational Disease Clinic for the duration of this investigation. Urinary lead determinations were repeated frequently under carefully controlled conditions.
Results
The average values of the total urinary lead (T) and the precipitable lead (P) for the three groups of people observed are given in *Total lead (T) = Determined after acid digestion; precipitable lead (P) = determined after coprecipitation.
It will be noted that for the normal the precipitable such broad criteria. Nevertheless the homogeneity lead values are virtually identical with the total in these groups is statistically satisfactory. The lead estimated after ashing, showing that co-values for each of the cases studied in the three precipitation can separate the lead quantitatively groups are presented in Fig. 1 . from the urine. On the other hand, individuals exAmong the cases of lead poisoning those inposed to lead have values of precipitable lead which dividuals with lead colic had in general a higher are less than the true urinary lead level obtained by urinary lead excretion but the proportion of nonthe ashing technique. The difference between the precipitable lead was practically the same as for the two values may represent a considerable proportion group as a whole. of the total lead excreted. The low value of urinary
Having established the presence of lead in two lead found in cases of lead poisoning can thus be different chemical forms in the urine of subjects exexplained by the inability of the coprecipitation posed to lead we had next to consider their chemical method to estimate quantitatively the urinary lead.
characteristics. This non-precipitable fraction has *SM-M, = "normal" relatively to "increased absorption" and "chronic evolutive lead poisoning" categories. tSM'l -M'2 = "increased absorption" relatively to "chronic evolutive lead poisoning" category. Table 1 ). Table 3 indicate that the precipitable lead was entirely adsorbed on the alumina but the nonprecipitable fraction remained in solution. This indicates that the precipitable fraction of urinary lead is ionized, probably as lead phosphate, while the non-precipitable lead is in some organic combination. In further tests urine was diafysed against lead-free distilled water through commercial cellophane until it was free from chloride. The non-dialysable lead is seen to be almost the same as the quantity of non-precipitable lead (Table 4) .
These preliminary results suggest that the nonprecipitable fraction of urinary lead is bound to weakly polar molecules, possibly a natural chelate. This is being further investigated, and the view is supported by recent attempts to identify a lead chelate in human urine (Nelson and Hamm, 1958) .
Discussion
The data obtained by parallel estimations of the two forms of urinary lead show some points of special interest. In normal subjects where the amount of lead absorbed equals that which is excreted the urinary lead is eliminated entirely as precipitable lead. But where there is increased absorption with or without lead poisoning the urinary lead appears in two forms. The nonprecipitable lead found only in urine of subjects exposed to lead appears thus to distinguish this category from those with only a physiological absorption.
The level of non-precipitable urinary lead increases with the total lead excretion and is highest in those suffering from lead poisoning. However, the principal condition governing the excretion of this non-precipitable lead fraction is not so much the severity of the clinical state of those suffering from lead poisoning but rather the degree of lead accumulation which may be found equally in those not suffering from clinical lead poisoning.
From prolonged observation of the urinary lead excretion in some cases of chronic lead poisoning in hospital we found that the proportion of nonprecipitable lead decreased more rapidly than the remission of the illness, indicating that the decrease was most probably related to an interruption of an abnormally high rate of lead absorption. This further supports our view that the presence of nonprecipitable lead in the urine is related in the first place to the process of lead accumulation. This poses interesting problems concerning the physiopathology of lead poisoning. The chemical nature of the non-precipitable fraction, together with its origin and biological significance, requires further elucidation. It may represent a product of an altered metabolism or a special form in which lead is transported under conditions of high rates of absorption. The lead circulation in the body consisting of successive fixation, mobilization, transportation, and accumulation (Teisinger, 1935; Kety, 1942) may possibly be analogous to the better known processes of absorption, transportation, and fixation of iron. The firm or labile binding of blood zinc on an organic carrier (Wolff, 1956 ) may also be compared to our findings with lead. The possibility of a similar behaviour in other heavy metals is also suggested.
From the diagnostic point of view this clear-cut differentiation of the forms in which lead is excreted in the urine will be useful. The finding of a significant fraction of non-precipitable urinary lead may be the first sign of a toxic accumulative process which has not yet been expressed in any clinical or haematological evidence. The absolute values and the percentage of the total lead represented by the non-precipitable fractions could give a more adequate index for the appraisal of the degree of intoxication and its evolution.
Finally, the behaviour of this urinary lead fraction being more closely dependent on lead accumulation may express more directly the level of exposure than does the presence of basophilic blood cells or urinary coproporphyrins.
Our observations also have important practical implications regarding the value of the coprecipitation method of urinary lead estimation used for the screening of exposed workers or in the diagnosis of patients. In cases in which lead absorption is high, the urinary lead measured by this method will appear too low and as a result a proportion of men in danger of lead poisoning or already poisoned may escape detection if clinical signs and other laboratory tests are not sufficiently convincing. This underlines the need for an analytical procedure which estimates all the lead in the urine.
